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Overview

Motivation and History

Introduction to the Experimental Setup

Two Stories into some Detall
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Web Pointers

The experiments

http://www-cdf.fnal.gov/, http://www-dO.fnal.gov/
http://www.slac.stanford.edu/BFROQOT, http://belle.kek.jp/

Overview reports

http://www.slac.stanford.edu/pubs/slacreports/slac-r-504.htmi

http://arXiv.org/pdf/hep-ph/0201071

Excellent live videos / transparencies on the Web

http://www-conf.slac.stanford.edu/ssi/2002/

http://mit.fnal.gov/ ~ fkw/teaching/mit8.881.html
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Advanced Measurements: Bg Mixing

Feynman diagram of B  mixing:
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Advanced Measurements: CP Violation — sin 23

CP Violation mechanisms

Golden mode: B° - J/YKsg

CP eigenstate: ns_, = -1
Vid
Vi
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CKM Measurements from B

Unitarity triangle and what measures it

CP Violation parameter, sin 203
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Comparisons of B Experiments

Accelerator CESR,DORIS LEPSLC PEPII,KEKB Tevatron
Detector Argus,CLEO ADLO,SLD | BaBar,Belle CDFDY
o(bb) =~1nb =6 nb =~1nb =~ 50 ub
o(bb) : o(had) 0.26 0.22 0.26 0.001
b hadrons BY B* all BY B* all
Boost < By > 0.06 6 = 0.5 2-4
Production Bs at rest bb btb forward boost  bb not btb
Event pile-up no no no yes
Trigger Inclusive Inclusive Inclusive selective
Comments

+ nice complementary setup
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Detailed Cartoon of Measurement at Y{(4S)

exclusive reconstruction
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Az about 260 um
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Analysis Components

Final State Reconstruction
Measurement of t or At

b Flavor Tagging



Final State Reconstruction



Main B Reconstruction Variables — Y(4S)

In Y(4S) rest frame:

Two almost uncorrelated variables
signal at AE =0

signhal at mgg = mg
Energy substituted mass mgs: Epeam replaces Eg

Resolutions
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Main B Reconstruction Variables — Y(4S)
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Continuum Background Supression — Y(4S)

Main Idea: BB is spherical in Y(4S) CM since produced at rest
Continuum background is jet-like

o Bdecays .

50 | = Continuum \ .
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Subresonances — Y{(4S)
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Events / 2.5 MeV/c?

Hadronic Samples at Y(4S) — Self-Tagging
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Hadronic Samples at Y(4S) — CP Eigenstate

Events/2.5 MeV/c?

Events/2.5 MeV/c”
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Reconstruction of b Hadrons at Tevatron

No knowledge of total energy of collision
Basically no constraints on energy or momentum
Use high pt leptons

Use high pr resonances

Use precise knowledge of vertex positions
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Candidates per 5 MeV/c?

Subresonances at CDF — J/y
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Subresonances at CDF — Charm

Result of diplaced track trigger!!
No Lepton was harmed in making these plots

L=57pb™
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20 times more data available used to measure mass difference
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Self Tagging Final States at CDF
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Measurement of t or At



Measurement of t at Tevatron/LEP

Primary vertex is well known point
Negative tails allow to control resolution function

. perfect g g finite
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Measurement of At at B Factories

Determine At from Az between B Mesons
Resolution function and lifetime are convoluted

g st per‘fecT gnm; iy finite
£ resolution £ / +\ resolution
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B Lifetime Measurements at B Factories

BaBar (207 fb_l) PRL 87 (2001) 201803

N Belle
Tgo = 1.546 + 0.032 + 0.022 ps | 29.1 fb~! |
Tg+ = 1.673 £ 0.032 + 0.023 ps )
Tg+/Tz0 = 1.082 + 0.026 + 0.012 )
10
Belle (291 fb_l) PRL 88 (2002) 171801 §. '
Tgo = 1.554 £ 0.030 £ 0.019 ps S 1 th ________
Tg+ = 1.673 + 0.026 + 0.015 ps ¢ g
Tg+/Tgo = 1.091 + 0.023 + 0.014 g 10 '
-y 10 2}
Agree within each other
Agree with world average F
4l background -
Proof of principle: L e i
Control resolution function =0 A0 M‘;p S)S 0120
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B Lifetime Measurements at Tevatron

Large sample of J/Y - u*u~ events

Lifetime measurements

About CDF results

+ major improvements expected:
Layer 00, 3D tracking, alignments

+ now ten times more data

+ very soon Tg, and Tp,

Candidates / 12.5 um
H
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b Flavor Tagging



Detailed Cartoon of Measurement at Y{(4S)

exclusive reconstruction
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Distribution of Mixing at Y{(4S)

| perfect realistic
Of 1 age flavor tagging, sof . mistag probability,
50}~ UnMixed/\  time resolution ol ~UnMixed finite time resolution
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Methods of Flavor Tagging at B Factories

At B factories flavor tags rely on tagging side

Vs
T s
K+
g
Tt pt -
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W,/ W//
/ /
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» |

Ch. Paus, IMFP Feb 24-28, 2003 - 28



Flavor Tagging Performance at B Factories — BaBar

Tagging Algorithm | efficiency wrongtagw | Q = g(1 — 2w)?
Lepton 109+0.3 90x14 7.4 +£05
Kaon 35.8+1.0 176x1.0 15.0x0.9
NeuralNet 1 7.7x+0.2 220+ 2.1 25204
NeuralNet 2 13.8+0.3 35.1+1.9 1.2+0.3
Combined 684 +0.7% 9.0%1.4% 26.1+1.2%

Large sample of fully reconstructed events allows precise
measurement

Calibrate the taggers using data

No MonteCarlo used here

Quality meter: g(sin 28)star x 1/vV/Q
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Event Samples for Mixing Measurement — BaBar
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entries / 0.6 ps

Mixing Measurements — BaBar/Belle
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(NopNgeMNoe+Nge)
o O
w A

T™T=r-T ™rerT Lam am

ettt LU
At (ps)

Amg = 0.528 + 0.017 + 0.011 ps™ (Belle)
Amg = 0.516 + 0.016 + 0.010 ps™ (Babar)

PRL 88 (2002) 221802
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Flavor Tagging at the Tevatron

opposite side | same side (vertexing)

opposite
side lepton

fragmentation
pion Tt

:
T Bhadron” o
P.V. B®
»
Tagging methods oL e
Ypr

Same side tagging

. b B by S
+ jet charge OS tag C; ¢
o>t SO K K

Ca Ca L i

+ kaon same side tag (Bs)
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Flavor Tagging at the Tevatron

Example: taggers for B® - J/yKg

Tagger depend on kinematics of event sample: trigger bias
Measure CP asymmetry, sin 23

BO - fcp BO_fep

D
BO - fcp BO . fcp
For sin 2(3: measure Dilution (1 —2w) first — calibration sample

CDF used: B® . J/YK"™ extrapolate different kinematics
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First sin 23 at CDF (1999)

B? — J/P K, Same side m, jet charge and soft lepton
200
- — +0.41 2 — 0
sin2B=0.79 5y, €D =63 +1.7%
g first presented 1999: PRD 61 (2000) 072005
o 150
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5 > -,
— = i asymmetry versus lifetime low ct
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Ch. Paus, IMFP Feb 24-28, 2003 - 34



The real sin 23 from the B Factories

CP samples ns = -1

CP samples ns = +1

Integrated luminosity

Improved tagging:
eD?=28.1+0.7%
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Asymmetries — Mixing and CP

Mixing asymmetry,

CP asymmetry,

Use large flavor sample to determine dilution D and
resolution functions

Transfer knowledge to significanlty smaller CP sample

Same idea applies to Tevatron
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Essential Tests of Taggers
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Cruclal question: Does the tagger output look the same
for the flavor and for the CP samples? Yes it does!
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BaBar Result for sin 23
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Belle Result for sin 23
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What Is different for Bs Mixing?

Feynman diagram of B] . mixing:
d,
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Where are we In CDF with Bg Mixing?

Hadronic trigger CDF Runll Preliminary L=10pb™"
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Where are we In CDF with Bg Mixing?

Particle Id

CDF Time-of-Flight : Tevatron store 860 - 12/23/2001

¥
e
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=
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First Bs mixing results not earlier than summer 2004
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Standard Model Constraints

(stat+syst)

(sin2p), =0.734+0,055

-1 0 1 2

=]

Ch. Paus, IMFP Feb 24-28, 2003 - 43



Conclusions

Physics Motivation

Comparison of Y(4S) and pp

Results
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